The preparation of new substituted methyl 3-azidothieno [2,3-b]pyridine carboxylates by azotization of methyl 3-aminothieno [2,3-b]pyridine and subsequent treatment with sodium azide is described. Via Huisgen's 1,3-dipolar cycloaddition between substituted alkynes and the prepared azides, methyl 1,2,3-triazolo-thieno[2,3-b]pyridine carboxylates have been obtained.
Introduction
Thieno [2,3-b] pyridines have received considerable attention, since they show a wide variety of bioactivities, for example antiviral, antidiabetic, antimicrobial, antitumor, antiparasitic, and neurotopic activities [1 -9] .
In continuation of synthetic work with aminothieno- [2,3-b] pyridines previously developed in our laboratory [10] , we propose here a new route to methyl 1,2,3-triazolo-thieno [2,3-b] pyridine carboxylates. The wellestablished method for their synthesis is via Huisgen's 1,3-dipolar cycloaddition between an alkyne and an organic azide [11, 12] .
Heterocyclic aromatic azides with electron-deficient aromatic rings have been most widely studied. Such azides are synthesized through nucleophilic substitution of halogen or a similar group by the azide ion. An electron-rich aromatic ring is not suitable for such a reaction. Hence, diazotization of amino derivatives and their conversion into azides by the reaction with sodium azide is the main method for the synthesis of such heteroazides.
Results and Discussion
In the present work, we describe the synthesis of methyl azidothieno [2,3-b] pyridine carboxylates 6 and methyl triazolothieno [2,3-b] pyridine carboxylates 8 from methyl 3-aminothieno [2,3-b] pyridine carboxylates 5. The α-methylene ketones 1 were used as starting materials for the synthesis of thieno [2,3-b] pyridines 5.
The alkylidene malononitriles 2, prepared by Knoevenagel condensation [13 -16] from α-methylene ketones, served as intermediates for the synthesis of the 2-chloro-3-cyanopyridines 4 (Scheme 1, Table 1 ).
Treatment of the alkylidene malononitriles with the Vilsmeier-Haack reagent at 70 -80 • C led to the formation of 2-chloro-3-cyanopyridines 4 (Scheme 2, Table 2). The cyclization occurred regioselectively at the most active methylene group in γ position of the alkylidene malononitrile 2, leading to an intermediate I. This intermediate cyclized "in situ" to yield 2-chloro-3-cyanopyridines 4. However, this reaction was accomplished in general with low yields (10 -15 %). We could increase the yield by adding some natural phos- phate (NP) [17] or some phosphate modified by potassium fluoride (KF/NP) to the reaction mixture. We also used 2-chloro-6-methyl-3-cyanopyridine 4f. This compound was synthesized from 6-methyl-3-cyanopyridin-2-one [18 -29] by treatment with phosphorus oxychloride at 60 • C for 24 h (Scheme 3).
The chlorocyanopyridines 4 were used as intermediates for the synthesis of 3-aminothieno[2,3-b]pyridines 5. Synthesis of the thiophene ring could be accomplished via two routes. In route A, condensation with methyl thioglycolate in DMF afforded the S N Ar product which could be isolated and cyclized in a second step to the 3-amino-2-carbomethoxythiophene 5. Substitution and cyclization was realized in a one-pot route B by reaction of the 2-chloro-3-cyanopyridine with sodium sulfide and methyl bromoacetate in DMF in the presence of sodium methanolate (Scheme 4, Table 3 ).
Azidothieno[2,3-b]pyridines 6 were obtained by diazotation of the corresponding amino derivatives in 70 % sulfuric acid solution upon addition of sodium azide in water to the diazonium salt. The precipitated azides were filtered off (Scheme 5, Table 4 ). These azido derivatives are light-sensitive. They should be stored in a dark place or used directly for further reactions. 
Conclusion
Starting from simple compounds we prepared functionalized pyridines using a modified VilsmeierHaack-Arnold reaction useful for constructing polycyclic heterocyclic compounds. 
General procedure for the synthesis of alkylidene malononitriles
These compounds were synthesized according to a known procedure [10] .
General procedure for the synthesis of 2-chloro-3-cyanopyridines 4
To a flask containing 10 mmol of a gem-dicyanoalkene 1 and 20 mmol (3.0 g) of POCl 3 in DMF (10 mL), 0.1 g of phosphate catalyst (KF/NP) was added, and the mixture was stirred at room temperature for 30 min. Then the bath temperature was slowly raised to 70 -80 • C. The reaction mixture was heated for 3 h and after cooling poured into cold water. The formed solid was filtered and recrystallized or purified by column chromatography. 
3-Chloro-6,7-dihydro-5H-cyclopenta[c]pyridine-4-carbonitrile (4a)
Brown solid, m. p.
2-Chloro-5-methyl-4-phenylnicotinonitrile (4c)

2-Chloro-6-methyl-5,6-dihydrobenzo[f]isoquinoline-1-carbonitrile (4e)
General procedure for the synthesis of methyl aminothienopyridine-2-carboxylates 5
Chlorocyanopyridine (0.005 mol), methyl thioglycolate (0.01 mol) and potassium carbonate (0.0075 mol) were mixed in 100 mL of DMF. The mixture was stirred for 24 h at room temperature and then poured into ice-water. The precipitated product was filtered off and dried. It was then cyclized by adding it to 0.005 moles of sodium methanolate in 25 mL of methanol. The mixture was stirred for one hour at room temperature and then poured into ice-water. The precipitated product was filtered off, dried and purified by recrystallization from methanol. General procedure for the synthesis of methyl azido-thienopyridine-2-carboxylates 6 3-Aminothieno [2,3-b] pyridine (1.79 mmol) was dissolved in concentrated sulfuric acid (70 %, 10 mL) containing ice. When the mixture reached 0 • C, a saturated aqueous solution of sodium nitrite (3 equiv.) was added keeping the temperature below 5 • C. After 10 min, sodium azide (3 equiv.) in 5 mL of water was added dropwise. The solution was left for 30 min at room temperature, and the azide was precipitated in water. The solid was filtered off and washed with water and acetone. The azide (1.04 mmol) was dissolved in 30 mL of chloroform. The mixture was cooled to 0 • C, and the alkyne (1.2 equiv.) was added. Then, copper(I) chloride (0.05 g) and one drop of 2,4-lutidine were added. The mixture was stirred at room temperature and the reaction monitored by TLC until the disappearance of the starting material. The organic phase was then washed with water, dried and concentrated. The residue was purified by column chromatography (30 % ethyl acetate-cyclohexane). [2,3-b] 
Methyl 1-amino-7, 8-dihydro-6H-cyclopenta[d]thieno-[2,3-b]pyridine-2-carboxylate (5a)
Methyl 1-azido-7,8-dihydro-6H-cyclopenta[d]thieno- [2,3-b]pyridine-2-
Methyl 1-(4-propyl-1H-1,2,3-triazol-1-yl)-7,8-dihydro-6H-cyclopenta[d]thieno
